SUMMARY The neonatal outcomes of 30 pregnancies that were complicated by premature and prolonged rupture of the membranes that had started in the second trimester of pregnancy, were reviewed. The neonatal mortality was 11 (36%), the main cause of death being pulmonary hypoplasia. Two infants died of sepsis, but these were the only proved episodes of maternal or fetal infection. Of the survivors 27% developed compressive limb abnormalities, all of which responded to passive physiotherapy. Pulmonary hypoplasia was significantly associated with earlier onset of rupture of the membranes, and the absence of fetal breathing movements. Compressive limb abnormalities were significantly associated with longer periods of oligohydramnios. We conclude that premature rupture of the membranes, even with onset in the second trimester, may be associated with a favourable outcome and this may be predicted by the persistence of fetal breathing movements. We therefore, recommend expectant management of such pregnancies, but suggest elective delivery at 34 weeks to limit fetal exposure to uterine compression and minimise the risks of prematurity.
Premature rupture of the membranes is a common complication of pregnancy.' When it occurs in the second trimester the prognosis is poor,2 and as a consequence termination of the pregnancy is often recommended. The neonates may have pulmonary hypoplasia, altered facies, and aberrant limb development (Potter's syndrome).3 Premature rupture of the membranes permits chronic drainage of amniotic fluid resulting in oligohydramnios, so such abnormalities may be the result of prolonged compression of the fetus by the uterus in the absence of the usual 'cushion' of amniotic fluid.4 Pulmonary hypoplasia has been reported after oligohydramnios of only six days' duration,5 but it has been suggested that compressive abnormalities are more likely to develop after chronic reduction in the amount of amniotic fluid.2 Our preliminary report, however, included normal survivors of pregnancies complicated by severe oligohydramnios that had existed for as long as 17 weeks. 6 The aim of the present study was to follow prospectively a larger series of pregnancies complicated by prolonged rupture of the membranes that had started in the second trimester in an attempt to find out the neonatal mortality and morbidity. We hoped to determine the association between the onset and duration of rupture of the membranes and mortality and morbidity, and find out if the persistence of fetal breathing movements is a reliable indicator of favourable neonatal outcome.6
Patients and methods During a period of one year all pregnancies with rupture of the membranes of longer than two weeks' duration occurring in the second trimester were eligible for entry into the study. The various options in management and the prognosis of pregnancies complicated by premature rupture of the membranes were carefully explained to the patients referred to our unit and their partners. If a patient then decided to be treated expectantly she was entered into the study.
The patient was admitted to the ward, where she was carefully monitored for signs of developing infection. Spontaneous The significance of differences between the groups in the duration of rupture of the membranes and gestational age at its onset and at delivery were calculated by the Wilcoxon rank sum test.
Permission for this study was granted by the King's College Hospital ethics committee.
Results
During the year 30 patients were eligible for entry into the study. All chose to be managed expectantly and were therefore included. The pregnancies were all singletons without other complications. The mean gestational age at rupture of the membranes was 21*3 weeks (range 15-28).
Infection occurred in only two cases; both neonates were from group 3. In the first case although amniocentesis had shown white cells but no organisms, the infant died from infection in the first 48 hours of life after delivery by emergency caesarean section. The mother made a good recovery and had no evidence of postnatal infection. In the second case delivery by emergency caesarean section was undertaken at 28 weeks' gestation for pnacenta praevia. Although infection was not suspected antenatally the infant died early in the neonatal period from overwhelming sepsis. There were no other cases of maternal or neonatal infection.
Most of the patients delivered after the onset of spontaneous labour, 10 by the vertex and eight by assisted breech delivery. Six patients were delivered by emergency caesarean section; in four cases this was for fetal distress after the onset of spontaneous labour. One infant was born vaginally after induction of labour, and the remaining five babies were delivered by elective caesarean section between 32 and 34 weeks' gestation.
Eleven neonates died, an overall mortality of 36%, and in eight cases death was attributable to pulmonary hypoplasia. Of the 30 infants, 14 (46%) had physical deformities associated with oligo- The mean gestational ages at rupture of the membranes and delivery in the three groups are shown in the table and the figure. The gestational age of the onset of rupture of the membranes was significantly earlier in groups 1 and 2 than in group 3 (p<001). The duration of rupture of the membranes was only significantly longer when group 2 was compared with group 3 (p<0-01). Infants in group 2 were delivered at a later gestational age than those in group 1 (p<0-05), but there were no other significant differences in the timing of delivery among the three groups. All 30 pregnancies had similar degrees of oligohydramnios, but only in group 1 were fetal breathing movements never seen on ultrasound examination (p<0.01). 22 and thus cannot be used as an indicator of fetal well being. Indeed, in our series, such 'gasping' respiration was witnessed in fetuses who subsequently died of pulmonary hypoplasia. Though the neonates that died of pulmonary hypoplasia had undergone earlier rupture of the membranes, other neonates with similar early onsets of rupture of the membranes had apparently normal lung development. Thus the gestational age at onset of rupture cannot be the sole explanation for the development of pulmonary hypoplasia. The length of time after the membranes had ruptured did not appear to be critical for the development of pulmonary hypoplasia as this was longer among the infants who had normal lung growth (group 2). Neither can the timing of delivery be incriminated, because there was no significant difference in the gestational age at delivery between infants in groups 1 and 3. Our results suggest, therefore, that the development of pulmonary hypoplasia in pregnancies with early rupture of the membranes is associated with the disappearance of fetal breathing movements. Sustained periods of fetal breathing seem to preserve lung growth even when rupture occurs within the 'critical' period of lung growth.
Pulmonary hypoplasia after oligohydramnios can occur in isolation without limb abnormalities.23 24 In this series, however, there were infants with flexion deformities of the limbs with normal lung growth, which is unusual.4 25 The limb abnormalities were significantly associated with both the time of onset and the duration of oligohydramnios. Fetal immobilisation in utero as a consequence of paralysing drugs given to the mother, or musculoskeletal disorders of the fetus, result in fixed flexion deformities.26 It is likely that the association between oligohydramnios and fixed flexion deformities is caused by prolonged compression by the uterus resulting in fetal immobilisation. This hypothesis is supported by the finding of a significantly longer duration of oligohydramnios and later gestation at delivery in this group of infants. In our series none of the surviving infants required more than passive physiotherapy to correct the limb abnormalities. In all cases delivery occurred before 35 weeks' gestation, and it may be that this prevented progression of the limb abnormalities.
Infection has been proposed as a cause of premature rupture of the membranes27 and as a consequence there has been concern that expectant management of such pregnancies might lead to serious maternal complications.' In this series we excluded all pregnancies with rupture of the membranes of less than two weeks' duration. This may have prevented us including pregnancies for expectant management who had rupture as a result of intrauterine infection. This series has shown that long standing rupture of the membranes is not often associated with infection. We had only one case where infection was suspected antenatally, and this was not confirmed in the mother though the neonate died of sepsis. One other infant died early in the neonatal period of sepsis; the mother never exhibited signs of infection either in the antenatal or postnatal period. Premature rupture of the membranes before 20 weeks' gestation poses a difficult problem in management. A large proportion of such pregnancies will either abort spontaneously, or develop infection shortly after rupture of the membranes necessitating termination of the pregnancy. In the present study we included only pregnancies in which rupture of the membranes had lasted for at least two weeks' gestation; thus epidemiological statements about the outcome of all pregnancies with rupture of the membranes before 20 weeks' gestation cannot be made. It is interesting to note, however, that among our patients with rupture of the membranes before 20 weeks' gestation, none developed sepsis and though 50% died from pulmonary hypoplasia the others survived intact or with minor orthopaedic problems.
The results of this study show that premature and prolonged rupture of the membranes can be associated with intact neonatal survival, although the mortality of 26% and morbidity of 27% is considerable. The presence of fetal breathing movements, even in pregnancies with rupture of the membranes at as early as 18 weeeks' gestation was associated with normal lung growth and favourable outcome in all cases. Our results suggest that in such pregnancies expectant management is a reasonable course, but that delivery should be instituted electively before full term to reduce the possible morbidity caused by limb abnormalities. 
